Abstract. In this paper, we will discuss the meshless polyharmonic reconstruction of vector fields from scattered data, possibly, contaminated by noise. We give an explicit solution of the problem. After some theoretical framework, we discuss some numerical aspect arising in the problems related to the reconstruction of vector fields.
Introduction
Vector field reconstruction is a problem arising in many scientific applications. These include, for example, fluid mechanic, electromagnetic, meteorology and optic flow analysis. When considering the approximation of vector fields, a key problem is how to correlate its components. It has been observed, particularly for meteorological problems, that if no inter-component correlation is assumed the approximating field may give unrealistic results. In this paper, we present a brief discussion on the reconstruction of vector fields from scattered data points by using polyharmonic meshless approximation. The theory of plyharmonic div-curl reconstruction was developed in a general framework based upon earlier results on generalized pseudo-polyharmonic approximation [1] .
The functional space
Let n, m ∈ N := N \ {0} with n ≥ 2, and consider the space
where
) is the space of the vector-valued distributions on R n , and the notation u T stands for the transpose of u. We assume that m > n 2 .
2)
is equipped with the following semi-scalar product and its associated seminorm
3)
The null space associated to the semi-scalar product is the space, denoted by
Let N be a nonnegative integer and suppose we are given a collection of N distinct points
) is now equipped with the scalar product associated to the operator L and defined by 
Proof. See [1] .
Polyharmonic div-curl approximation
The div and curl operators are defined by
where ∇ = (∂ 1 , . . . , ∂ n ) T stands for the gradient operator and u = (u 1 , . . . , u n ) T is a vector-valued distribution. The general definition of the curl is classical in multidimensional harmonic analysis, see [3, 6] . Let ρ > 0 denote a positive real parameter. We consider the bilinear forms D m , R m and M ρ m given by
The quadratic forms associated to D m , R m and M ρ m are called the div-energy, the curl-energy and the div-curl energy, respectively.
Let Z ∈ R N ×n be a N × n matrix, ρ > 0, and λ ≥ 0 and consider the following approximation problem: min 
2)
for λ = 0, and for λ > 0:
Proof. The results are obtained from some arguments using the variational spline theory, see [1] .
Let us consider the function K m , see [2, 5] , defined by 
where the notation δ l,k stands for the Kronecker symbol and ∂ 
with the orthogonality conditions

Numerical example
In Figure 1 , we give an original vector field and the pseudo-polyharmonic vector fields approximating the original vector field for ρ = 0.4, λ = 0 and for a small value N = 10 and a large value N = 1000 of the scattered data points. We point out that when N becomes large the reconstructed vector field is similar to the original vector field. The computed relative error was R e 1.5713 × 10 −1 for N = 10 and R e 1.0403 × 10 −4 for N = 1000.
